We report a very rare case of acute pulmonary edema caused by hypoglycemia from insulin overdose during an attempted suicide. A 16-year-old woman with type 1 diabetes was brought to our hospital because of hypoglycemic coma. She exhibited severe hypoxia; upon intubation, bloody froth poured out of the tube. Chest X-ray revealed bilateral infiltrates. Endocrinological data revealed high concentrations of catecholamines. This case indicates that pulmonary edema remains a potential complication of insulin overdose. The possible mechanisms of pulmonary edema associated with hypoglycemia are discussed.
Introduction
Several clinical trials have demonstrated that tight regulation of blood glucose reduces long-term complications in both type 1 and type 2 diabetes (1, 2). However, current intensive insulin regimens increase the risk of hypoglycemia. In the 1930's, the association between hypoglycemia and pulmonary edema was well known because of the extensive use of insulin shock therapy for schizophrenia at that time (3, 4) . During the last several decades, however, only a few reports discussing this association have been published (5) (6) (7) . Here, we report a very rare case of acute pulmonary edema caused by insulin overdose-induced hypoglycemia in a patient with type 1 diabetes. With the increasing prevalence of insulin-dependent diabetes, clinicians must be aware of the potential for pulmonary edema resulting from overdose administration of insulin.
Case Report
A 16-year-old woman was brought to the emergency room on October 8, 2002 . The patient had type 1 diabetes since the age of 13 and had been fairly well for the previous three years. The patient was on a multiple insulin dose regimen, and her HbA1C was controlled at nearly 8%. The patient was found in a deep coma by her mother 2.5 hours before arrival at the hospital. The gross overdose of insulin appeared to be self-injected in an attempt to commit suicide. At the emergency room, the patient's respiratory rate was 40/min, and her whole lung fields were filled with bubbling rales. The patient's blood pressure was 160/136 mmHg, and her pulse rate was 130/min. The patient was comatose and exhibited decerebrated posture and hyperhidrosis. The patient's blood sugar was 17 mg/dl. Frequent and continuous infusion of 50% glucose into the central vein was necessary, because hypoglycemia recurred without glucose infusion. Later, we recognized that the patient's hypoglycemia was due to insulin overdose, because her blood concentration of immunoreactive insulin was as high as 548 U/ml at that time. The initial blood gas analysis, with the patient receiving 8 l/min oxygen via oxygen mask, showed the following values: PaO2 47.2 mmHg; PaCO2 37.0 mmHg; pH 7.439; HCO3 24.1 mEq/l. Endotracheal intubation was performed, and bloody froth poured out of the intubation tube. Chest X-ray revealed bilateral infiltrates and a normal heart silhouette (Fig. 1A) . Endocrinological and laboratory data (Table 1) indicated that the profound hypoglycemia evoked remarkable stimulation of the sympathetic nervous system and the pituitary-adreno-cortical axis. There was no significant data value in the laboratory tests, except for a slight increase in white blood cell count and severe hypoglycemia. Therefore, the most common causes of acute pulmonary distress syndrome, such as pneumonia and sepsis, could be excluded.
Mechanical ventilation was started by applying positive end-expiratory pressure. On the second day after admission, the patient's spontaneous breathing and brain stem responses, such as light reflex, disappeared, and her electroencephalogram became completely flat. This was due to an exacerbation of brain edema detected by CT scan. On the fourth day, her chest X-ray demonstrated marked cleaning of infiltrates (Fig. 1B) . However, the patient's brain stem respiratory function and brain cortical function failed to recover. She died four months later due to complications related to infection and electrolyte imbalance.
Discussion
We present a young woman with type 1 diabetes who developed acute pulmonary edema associated with severe hypoglycemic coma. In this case, hypoglycemia was caused by insulin overdose. In the late 1930's, pulmonary edema associated with hypoglycemic coma was a recognized complication of insulin-shock treatment of schizophrenia (3, 4). Nielsen et al described three cases of pulmonary edema in their series of twenty-six cases of insulin-shock treatment for schizophrenia (11.5%) (3). In another series, acute pulmonary edema accounted for 15.9% of the deaths due to insulinshock treatment (4). In those days, pulmonary edema was a well-known complication of insulin-shock treatment, and skilled supervision was necessary to avoid complication due to this treatment. In the last several decades, however, only a few case reports have described an association between hypoglycemia and pulmonary edema (5-7). Thus, this association has become "a forgotten association" (7) .
The mechanism of this type of pulmonary edema is considered to be neurogenic and metabolic in nature (5) (6) (7) (8) . Neurogenic pulmonary edema (NPE) is a potential complication of severe central nervous system insult. Although the pathogenesis of NPE is not completely understood, it is generally agreed that the underlying mechanism of NPE is associated with the massive sympathetic discharge following severe brain injury (9) . Profound hypoglycemic brain damage can be as severe as that caused by vascular or traumatic injury. Such damage also evokes sympathetic discharge, which results in systemic vasoconstriction that causes a net shift in blood from systemic to pulmonary circulation. Sympathetic discharge also produces concomitant pulmonary vasoconstriction and platelet aggregation, which causes microemboli. Consequently, these factors lead to a drastic increase of hydrostatic pressure in pulmonary capillaries, causing acute pulmonary edema. Cardiac complications are also frequent in patients with NPE (10, 11). They include ECG abnormalities, cardiac arrhythmias, and myocardial damage. The pathophysiology of these abnormalities is related to an imbalance of autonomic cardiovascular control and to in- cholamines. Impaired left ventricular hemodynamic performance in this setting may contribute to cardiovascular instability and the development of NPE.
Generalized edema following insulin therapy is an infrequent complication that usually occurs when large insulin doses are used in underweight patients. Severe insulin edema may be due to the metabolic effects of insulin on both vascular permeability and renal tubule (12) . With regard to pulmonary edema, because the integrity of the alveolar epithelium and pulmonary capillary endothelium is dependent on normal glucose metabolism, prolonged severe hypoglycemia can alter energy metabolism of these cells, causing increased alveolo-capillary permeability (13) . Recently, it has been demonstrated that insulin, apart from its effects on metabolism and ion fluxes, has acute effects on the cardiovascular system and capillary permeability (14) . Insulin-induced hypoglycemia increases the peripheral venous hematocrit, decreases plasma volume, decreases intravascular albumin content, and increases the transcapillary escape rate of albumin. These changes are attributed to the combined actions of insulin itself and the increase of plasma adrenaline in response to hypoglycemia.
Finally, in acute pulmonary edema associated with hypoglycemia, both neurogenic and metabolic mechanisms synergistically increase capillary hydrostatic pressure and permeability. These very noxious pathophysiologic conditions affect brain function, because both hypoglycemia and hypoxia injure vulnerable neurons, which leads to brain edema and ultimately results in irreversible brain damage and death.
In the case presented here, the insulin overdose was selfinduced during an apparent attempted suicide. The resulting prolonged, severe hypoglycemia might have caused the acute pulmonary edema in this patient. It is possible, therefore, that hypoglycemia typically caused by therapeutic doses of insulin may, in rare cases, cause pulmonary edema. In conclusion, we report a very rare case of acute pulmonary edema caused by hypoglycemia from insulin overdose. The rare, but possible, occurrence of pulmonary edema must be considered as a potential complication of overdose administration of insulin. 
